Fresh pork sausages were manufactured where 15% of the pork back fat was substituted with linseed oil (LO) or fish oil (FO). Green tea catechins (GTC) and green coffee antioxidant (GCA) were added to both LO (LGTC 200 and LGCA 200) 
INTRODUCTION
Meat and meat products are considered to be vital components of a healthy diet.
Negative concerns regarding meat consumption and its impact on human health have prompted research into development of novel functional meat products (Arihara, 2006) .
The terms functional food and nutraceutical are used interchangeably and usually defined as any substance that may be considered a food or part of a food which provides medical or health benefits including the prevention and treatment of disease (DeFelice, 1992) . Dietary recommendations for humans, favouring the consumption of less saturated fat, have led to an increased interest in meats containing more unsaturated fatty acids. Scientific evidence suggests that certain dietary fats, for example n-3 polyunsaturated fatty acids (PUFA's), may prevent and modulate diseases such as coronary heart disease, cancer, hypertension and arthritis (Connor, 2000) .
Manipulation of the fatty acid profiles of meat and meat products may be achieved by, feeding animals diets rich in polyunsaturated fatty acids (PUFA's), for example fish oil, linseed oil and soya oil (Monahan, Buckley, Morrissey, Lynch and Gray, 1992; Raes, De Smet & Demeyer, 2004) or alternatively, by processing specific lipid ingredients into meat products (Fernández-Ginés, Fernández-López, SayasBarberá & Pérez-Alvarez, 2005) . Oils such as linseed oil, fish oil olive oil, and soya oil alter product fatty acid profiles producing healthier meat products, for example, dry fermented sausages (Ansorena, & Astiasarán, 2004; Muguerza, Ansorena & Astiasarán, 2003 , 2004 Muguerza, Gimeno, Ansorena, Bloukas & Astiasarán, 2001; Severini, De Pilli & Baiano, 2003; Valencia, Ansorena, & Astiasarán, 2006) . Lipid oxidation is a major quality deteriorative process in muscle foods resulting in a variety of breakdown products which produce off-odours and flavours.
Susceptibility to lipid oxidation increases with increased levels of PUFA's. Bryhni, Kjos, Ofstad and Hunt (2002) reported that supplementation of porcine diets with polyunsaturated fat and fish oil resulted in increased lipid oxidation in whole muscle and sausages. Therefore while oils rich in n-3 polyunsaturated fatty acids may contribute to the production of healthier meat, negative effects on meat palatability may be observed. Lipid oxidation in muscle foods may be controlled using synthetic or natural antioxidants. Concerns regarding the safety and toxicity of synthetic antioxidants have prompted research into natural antioxidants derived form plant sources. In recent times, the functional properties of plant extracts have been investigated due to their potent antioxidant and nutraceutical activity.
Tea catechins are a major group of polyphenolic flavonoids found in green tea. anti-carcinogenic anti-inflammatory and cardioprotective activity (Higdon & Frei, 2003; Sato & Miyata, 2000) . Green coffee antioxidant (GCA ® ) is a commercially available natural chlorogenic acid (> 50%) extract derived from raw coffee beans. Green coffee beans are a rich dietary source of chlorogenic acid, an ester of caffeic acid with quinic acid (Clifford, 1999) . In addition to antioxidant activity (Charurin, Ames & del Castillo, 2002; Daglia, Racchi, Papetti, Lanni, Govoni & Gazzani, 2004) and green coffee antioxidant (GCA) on the quality of nutritionally enhanced fresh pork sausages stored aerobically (over-wrapped) and in MAP merits investigation.
The principle catechins found in green tea (Camellia sinensis) are (-) epicatechin (-EC), (-)-epigallocatechin (-EGC), (-)-epicatechin gallate (-ECG), and (-)-epigallocatechin gallate (-EGCG
The objective of this study was to manipulate the fatty acid profile of fresh pork sausages with oils high in n-3 PUFA's namely linseed oil (LO) (rich in α-linolenic acid (C18:3(n-3))) and fish oil (FO) (rich in eicosapentaenoic acid (EPA) (C22:5(n-3)) and docosahexaenoic acid (DHA) (C22:6(n-3))). The effects of LO, FO, GTC and GCA on quality parameters such as lipid oxidation, colour and sensorial properties was investigated. 
MATERIALS AND METHODS

Materials and reagents
Moisture and fat content
The moisture and fat content of fresh pork sausages was determined using the SMART Trac rapid moisture/fat analyser (CEM Corporation, NC, USA). For comparative purposes, a range of commercially available pork sausages (n = 5), currently available on the Irish market, were also analysed for moisture and fat content.
The instrument was operated according to the manufacturer's instruction and results
were expressed as percentage moisture and fat.
Fatty acid analysis
Lipid was extracted from cooked pork sausage samples following the method of Folch, Lees and Stanley (1957) . The fatty acid composition of linseed oil and fish oil was also determined. Boron trifluoride/methanol was used for the preparation of fatty acid methyl esters dissolved in hexane (AOAC, 2002) . Fatty acids profiles were measured by gas chromatography (Perkin-Elmer Clarus 500 gas chromatograph (PE, Shelton, CT, USA) fitted with a capillary column SP TM -2560 (100 m x 0.25 mm x 0.2 μm) and a flame ionization detector). The temperatures of the injection port and detector were 250ºC and 260ºC, respectively. The oven temperature was programmed to 175ºC for 10 min and increased to 200ºC at a rate of 10ºC/min, increased to 220ºC at a rate of 4ºC/min and held for 15min. The carrier gas was hydrogen, and the pressure was 20.5psi. The split ratio was 120:1. Pure standards were used for identification of the fatty acid method esters and quantitative determination of fatty acids was achieved using heptadecanoic acid methyl ester as an internal standard. Results were expressed as a percentage of the total fatty acids.
Measurement of lipid oxidation
Lipid oxidation was determined in raw and cooked pork sausages following the method of Vyncke (1975) 
Colour determination
Surface colour measurements in raw sausages were determined using a CR-300
Chroma Meter (Minolta Co., Osaka, Japan) which consisted of a measuring head (CR-300), with an 8 mm diameter measuring area, and a data processor (DP-301). The chroma meter was calibrated on the CIE colour space system using a white tile (Dc:
L=97.79, a=-0.11, b=2.69). The 'L*' value represents lightness and 'a*' and 'b*' values represent redness and yellowness, respectively. Colour measurements were made on days 0, 3 and 7 in raw sausage samples.
Sensory evaluation
A trained sensory panel (n = 12) from the Department of Food and Nutritional Sciences, University College Cork evaluated cooked pork sausages stored aerobically and in MAP on days 0 and 7. Samples were sliced, placed on paper plates and served to panelists. Panelists were asked to evaluate sample colour, texture, flavour and overall acceptability on a 5-point hedonic scale ranging from very poor (1) to very good (5).
Results are expressed as mean sensory scores.
Statistical analysis
Four sausage samples were analysed from each treatment and all analyses were performed in duplicate. Data was analysed by one-way ANOVA and differences among treatment means were determined by Tukey's b posteriori test. A student-t test was used to determine differences between packaging systems (aerobic and MAP). The analysis was carried out using SPSS 13.0 for Windows (SPSS, Chicago, IL, USA) software package.
RESULTS AND DISCUSSION
Moisture and fat content of fresh pork sausages
Similar fat and moisture contents for linseed oil and fish oil substituted sausages were observed (Table 1) . The fat and moisture contents of five commercially available brands of fresh pork sausages ranged from 29.03 ± 4.69% -38.92 ± 1.50% and 44.69 ± 0.16 -48.68 ± 0.40%, respectively. Therefore, the sausages manufactured in the present study had slightly lower fat and similar moisture contents compared to the range of commercially available Irish pork sausages analysed.
Fatty acid profiles of cooked pork sausages
The addition of linseed oil altered the fatty acid profiles of cooked pork sausages (Table 2 ). Significant decreases (P < 0.05) in the total levels of saturated (∑ SFA) and LGCA pork sausages contained 2.32, 2.75 and 2.72% α-linolenic acid, respectively.
Simopoulos, Leaf and Salem, (1999) reported a recommended adequate intake of 2.22 g α-linolenic acid/day based on a 2000 kcal diet. Therefore in the present study, 100 g of fresh pork sausages would supply a sufficient amount of dietary α-linolenic acid.
A host of health agencies and organisations worldwide have issued recommendations on the intake of n-3 PUFA's (Garg, Wood, Singh and Moughan, 2006) . A ratio of 5:1 was recommended for dietary n-6/n-3 fatty acids (Nordic working group on Diet and Nutrition, 1996) . Also, it was previously reported that the ratio of n-6/n-3 in the diet should not exceed 4:1 in order to optimize the bioavailability, metabolism and incorporation of fatty acids into membrane phospholipids (Garg, Wierzbicki, Sebokova, Thomson, & Clandinin, (1988) ; Garg, Thomson & Clandinin, 1990; Volker & Garg, 1996) . In the present study, the addition of linseed oil to fresh pork sausages decreased the n-6/n-3 ratio from 8.25:1 (control) to 1.64:1 (LO) and 1 The addition of fish oil to fresh pork sausages ( In cooked pork sausages, levels of lipid oxidation were higher than in raw sausages due to the lipid pro-oxidant nature of the cooking process (Table 4) . Significantly lower levels of lipid oxidation were observed in cooked pork sausages after 3 and up to 7 days of storage in MAP, compared to aerobic storage, presumably due to the lack of oxygen within the MAP (70% N 2 : 30% CO 2 ). In raw pork sausages containing fish oil (FO) significantly (P < 0.05) higher levels of lipid oxidation, compared to controls, were observed after 7 days of storage either aerobically or in MAP (Table 5 (Table 7) . Similarly, Lee, Faustman, Djordjevic, Faraji and Decker, (2006) reported that addition of an emulsion containing algal oil and whey protein isolate to fresh pork sausages increased the L* values. This was attributed to the milky appearance of the emulsion. L* values for LGTC 200 sausages were significantly lower than LO and LGCA 200 sausages after 7 days of storage. This trend was not observed in fish oil containing sausages (Table 7) did not affect the colour parameters tested in linseed oil and fish oil containing sausages.
Sensory evaluation of cooked pork sausages containing added linseed oil, fish oil, GTC or GCA
Sensory scores for parameters such as colour, texture, flavour and overall acceptability were not significantly affected by the addition of linseed oil, GTC or GCA (Table 8 ). In addition, after 7 days of storage, sensory scores were not significantly lower than day 0 values in cooked pork sausages stored aerobically or in MAP.
Chlorogenic acids are responsible for coffee bitterness following roasting of green coffee beans (Campa, Doulbeau, Dussert, Hamon and Noirot, 2005) . GCA which contains chlorogenic acid did not affect the flavour of cooked pork sausages in the present study. In sausages containing fish oil, textural properties were not affected over the 7 day storage period. The addition of fish oil resulted in lower sensory scores for flavour and overall acceptability most probably due to higher levels of lipid oxidation. 
CONCLUSION
Scientific evidence suggests that increased intake of n-3 PUFA's can have a positive influence of human health. Nutritionally enhanced fresh pork sausages were manufactured containing increased levels of n-3 PUFA's namely α-linolenic acid from linseed oil and eicosapentaenoic acid (EPA) and docosahexaenoic acid from fish oil.
Susceptibility to lipid oxidation was controlled by the addition of natural antioxidants such as GTC and GCA, both of which are reported to exert health promoting properties.
Lower levels of lipid oxidation were observed in linseed oil containing sausages ABC Within each treatment (raw or cooked) mean values in the same row bearing different superscripts are significantly different, P < 0.05. A student t-test was used to determine differences between aerobic and MAP, ns = not significant, * = P < 0.05, ** = P < 0.01, *** = P < 0.001. TBARS, mg malondialdehyde/kg muscle, mean ± standard deviation. ABC Within each treatment (raw or cooked) mean values in the same row bearing different superscripts are significantly different, P < 0.05. A student t-test was used to determine differences between aerobic and MAP, ns = not significant, * = P < 0.05, ** = P < 0.01, *** = P < 0.001. TBARS, mg malondialdehyde/kg muscle, mean ± standard deviation. Table 6 . Effect of linseed oil, green tea catechin (GTC) and green coffee antioxidant (GCA) on the surface lightness (L*value), redness (a* value) and yellowness (b* value) of raw pork sausages stored aerobically and in modified atmosphere packs (MAP). ab Within each sensory parameter mean values (± standard deviation) in the same column bearing different superscripts are significantly different, P < 0.05. AB Within each treatment (linseed oil or fish oil) mean values (± standard deviation) in the same row bearing different superscripts are significantly different, P < 0.05.
